Infusion of gastrin, G-171, at 0.4 pg/min into either the maternal or fetal venous circulation of six late gestation sheep was associated with increases in serum gastrin concentration in the infused circulation and reciprocal decreases in the serum gastrin concentration in the other circulation (contraplacental) that perfused the placenta. Pentagastrin infusion at 0.4 pg/min was associated with an increase in C-terminal specific gastrin immunoreactivity in both the infused and the contraplacental circulations. These observations suggest that biologically active fragments of gastrin, but not the intact molecule, may cross the ovine placenta. An alternative explanation for our results is that gastrin infusion into either the maternal or fetal circulation which perfuses the placenta may result in the release of an inhibitor (i.e., somatostatin) into the other circulation. Of broad importance, these observations indicate that although intact polypeptide hormones may not traverse the placenta, their concentrations in maternal and fetal sera may not be as independent as previously believed. Serum gastrin half-life values in late gestation sheep fetuses, lambs, and ewes were determined to be 13.7 +: 1.9, 16.7 f 2.6, and 15.2 2 2.8 min, respectively. These similar values indicate that the relatively high serum gastrin concentrations observed in near-term sheep fetuses are not the result of prolonged half-life in the fetus.
Gastrin promotes growth of the gastrointestinal tract after birth (1 1, 15). Its role in the development of the fetal gastrointestinal tract, however, has not been clearly defined, nor has the regulation of fetal circulating gastrin concentration been elucidated. Gastrin appears in fetal gastrointestinal tissues and serum late in gestation, and its concentration in the serum increases rapidly, so that at birth there is hypergastrinemia relative to adults in several species (2, 4, 8, 12, 14, 17, 18, 2 1, 22, 26) . In sheep, for example, fetal serum gastrin is first detected at about 117 d gestation. It increases linearly thereafter, surpassing the mean maternal serum gastrin concentration (20.0 f 1.5 fmol/ml) after 124 d gestation ( 14) . By the end of gestation at 145-147 d, fetal serum gastrin concentration is approximately 3 times the maternal concentration. The lack of correlation between maternal and fetal serum concentrations of gastrin, the absence of an umbilical venoarterial concentration difference, and the demonstration of gastrin present in gastrointestinal tissue concomitant with its appearance in serum in the fetus support the hypothesis that circulating gastrin in the fetus arises from fetal tissues rather than by transplacental passage. Furthermore, as a general observation in most species, polypeptide hormones do not traverse the placenta.
On the other hand, there is some evidence that maternal events influence fetal gastrin physiology. Infusion of gastrin into pregnant dogs I wk before term significantly stimulates fetal gastric secretion (5) , an observation that suggests the transplacental passage of gastrin or of a smaller, but biologically active fragment such as pentagastrin. Somewhat conversely, we recently found evidence in rats that physiologic concentrations of endogenous maternal gastrin in some undefined manner retard the development of fetal tissue gastrin concentration (1 3). Reduced maternal serum gastrin levels produced experimentally by either surgical or dietary manipulation were associated with elevated fetal antral and duodenal gastrin concentrations. This observation suggests that under normal conditions there may be transplacental inhibition of fetal gastrin synthesis.
The present investigations were performed to determine if gastrin, G-17 1, and/or its smaller, but biologically active fragment, pentagastrin or G5, traverse(s) the ovine placenta directly, and to seek further evidence of maternal suppression of fetal gastrin synthesis and release.
MATERIALS AND METHODS
Preparation o f sheep. Six typical western range ewes, primarily a Dorset-Rambouillet mixed breed, were bred for these investigations and maintained on an open range until several days before surgery, which was performed between 116-136 d gestation. Under 5 mg/kg pentobarital sodium sedation and spinal anesthesia with 6 mg tetracaine hydrochloride (Pontocaine Hydrochloride) and hyperbaric glucose, each ewe was operated to implant polyvinyl catheters in the fetal iliac artery and vein and maternal femoral artery and vein. In selected animals the common umbilical vein was also catheterized (14, 19) .
After recovery from surgery, the ewes were kept in stainless steel pens and allowed sweet feed (Omolene, Ralston Purina, St. Louis, MO) and water ad libitum. Catheters were flushed daily with heparin. Procaine penicillin G (600,000 U) and streptomycin (0.5 g) were administered for three postoperative d. Beginning on the 4th postoperative d, each animal was studied. Four protocols were employed in these investigations.
Protocols I and 2. transplacental transfer of gastrin (G-171) . To investigate the possibility of maternal-to-fetal transfer of gastrin across the placenta, gastrin (G-171, Research Plus, Bayonne, NJ) was infused into the maternal venous catheter, and blood samples obtained from the maternal and fetal arteries were analyzed for gastrin concentration. To investigate the fetal-tomaternal transfer of gastrin, gastrin was infused into the fetal peripheral venous circulation, and blood samples obtained from the maternal and fetal arteries were analysed for gastrin concentration. In each of these two protocols, normal saline was infused for 30 min before the gastrin was infused for the subsequent 60-105 min. Blood samples were obtained at 15-min intervals during the saline infusion and continuing throughout the gastrin infu-sion for a total of three pre-gastrin infusion baseline samples and four to seven samples taken during gastrin infusion. The rate of saline or gastrin infusion was 0.2 ml/min. The concentration of gastrin in the infused solution was adjusted to provide a rate of gastrin infusion of 0.4 pg/min into either the maternal circulation (four experiments in three ewes) or fetal circulation (eight experiments in six ewes).
Protocol 3: transplacental transfer of pentagastrin (G5) . To investigate the possible transplacental transfer of this small molecule, pentagastrin (Ayerst Laboratories, NY) was infused at 0.4-1.6 Fg/min into the maternal circulation of two ewes; the following day pentagastrin was infused at 0.4 Fg/min into the fetal circulation. Blood samples were collected as in the above experiments; however, these blood samples were assayed for pentagastrin + gastrin using a C-terminal specific antibody as described below.
Protocol 4: half-life ofgastrin in fetal and maternal circulations.
On five occasions in four animals into which gastrin was infused via the fetal circulation at 0.4 Fg/min for 60 min, at least five serial fetal arterial blood samples for gastrin assay were obtained at timed intervals throughout the 75 min immediately after the infusion was terminated. In addition, the half-life of gastrin in the circulation of one ewe was obtained on three occasions after the infusion of gastrin at 2 Fg/rnin for 60 min; one study was performed during late pregnancy and two were performed during the first postpartum week. The tt12 was calculated from the slope (k) of the linear regression of In gastrin concentration as a function of time according to the relationship t,,z = 0.693/k.
Gastrin radioimmunoassay. Serum gastrin levels were determined by radioimmunoassay by the technique of Yalow and
Berson (27) as modified by Walsh (23) . Antibody No. 1296, kindly donated by Dr. Morton I. Grossman (Center for Ulcer Research and Education) was used to assay serum gastrin concentration in the gastrin infusion studies (6) . This antibody reacts with all of the established circulating forms of gastrin (G-171, G-34), but it has a low affinity for pentagastrin. Purified human gastrin G-171, kindly donated by Dr. Morton I. Grossman (Center for Ulcer Research and Education), was used as both standard and label. Gastrin was iodinated by the chloramine-T technique and was later purified by the method of Stadil and Rehfeld (20) .
Pentagastrin radioimmunoassay. An estimate of the gastrin + pentagastrin concentration in the sera was obtained by radioimmunoassay using an antisera which recognizes the C-terminal tetrapeptide of the molecule. Raised in rabbits in our laboratory, this antisera (Ab. No. 4) recognizes both pentagastrin and gastrin equipotently. It was used in the radioimmunoassay at a final titer of 1:50,000 (1 6).
RESULTS

Mutcrnul gastrin infusion.
Gastrin infused into the ewe at 0.4 pg/min was associated with a rapid increase in maternal arterial serum gastrin concentration that was sustained throughout the period of infusion and quickly returned to baseline levels after the infusion ceased. By 60 min after the initiation of the infusion, maternal serum gastrin values had increased 180-865% from the pre-infusion baseline concentrations that averaged 44.0 + 12 (x + SEM) fmol/ml. As shown in Figure 1 , fetal serum gastrin concentrations decreased to values that were 56-77.5% of the respective pre-infusion fetal baseline concentration (42 + 4.5 fmol/ml). Both the increase in maternal ( P < 0.025) and decrease in fetal (P < 0.01) concentrations were significant by paired t tests. was 43.0 f 7.5 fmol/ml. Both the increase in fetal ( P < 0.01) and decrease in maternal ( P < 0.05) concentrations were significant by paired t tests.
Fetal gastrin infusion.
Transplacental pentagastrin transfer. In each of five trials, infusion of pentagastrin into either the ewe or the fetus was associated with increases in gastrin immunoreactivity in the contraplacental circulation as measured with the C-terminal specific antibody. The results in Figure 3 demonstrate that infusion of pentagastrin into the maternal circulation was associated with an increase in fetal serum hormone concentration after a delay of 30 min. A similar relationship was observed after infusion of pentagastrin into the fetus. Infusion of pentagastrin into the ewe was associated with increases in fetal serum gastrin of 8 I, 156, and 178% from baseline; infusions into the fetus were associated with increases in maternal serum gastrin of 100 and 195%.
Half-life of gastrin. In three fetuses the ta12 for gastrin calculated from the rate of disappearance of gastrin immunoreactivity from the fetal circulation after cessation of exogenous gastrin infusion was 13.7 a 1.9 min. The disappearance curve for one fetus is shown in Figure 4 . The tK for gastrin in the lamb in the first week after birth was 16.7 + 2.6 and the tll, for gastrin in the ewe was 15.15 + 2.8 min.
DISCUSSION
In the experiments described above we have presented evidence that administration of exogenous gastrin (G-171) into the maternal or fetal vessels, which results in a many-fold increase in the serum gastrin concentration in the infused circulation, is not accompanied by elevations in hormone level in the noninfused circulation that perfuses the placenta. From these observations we infer that G-171 does not cross the ovine placenta intact. In fact, infusion of (3-171 into the circulation of either ewe or fetus is associated with a significant decrease in serum gastrin concentration in the circulation that perfuses the opposite aspect of the trophoblast. These findings suggest that although intact gastrin does not traverse the ovine placenta, fetal and maternal serum gastrin levels may be reciprocally influenced by each other in perturbation experiments. Whether the reciprocal influence observed under these conditions occurs in the unperturbed pregnancy is unclear.
The mechanism for the contraplacental decrease in serum gastrin concentration may be attributable to the passage across the placenta of a smaller, but biologically active fragment of gastrin. Under the constructs of this hypothesis the gastrin present, for example, in the maternal circulation would be metabolized to a biologically active fragment which would then traverse the placenta to enter the fetal circulation. The increase in blood concentration of a C-terminal gastrin fragment would not be detected reliably by our gastrin radioaminoassay because the antibody employed (No. 1296) has much greater affinity for the intact gastrin molecule than it does for C-terminal fragments of the hormone (6) . On the other hand, elevations in the concentration of a biologically active gastrin fragment may result in a decrease in the endogenous hormone concentration in serum for at least two reasons. First, it is well documented that exogenous administration of pentagastrin and other C-terminal gastrin derivatives results in a brisk stimulation of gastric acid secretion and a subsequent decrease in the pH of gastric juice in mature animals (24) . This increase in gastric acidity, in turn, results in the abolition of gastrin release by the activation of a pH-sensitive inhibitory mechanism (24) . But this negative feedback loop, which is operative in the ewe, may not be operative in the fetal lamb. Second, it has been reported that pentagastrin administration stimulates the release of somatostatin, a potent inhibitor of gastrin release from a variety of tissues (3, 10). Somatostatin, an inhibitory peptide originally isolated from the hypothalamus, is known now to be present in D-cells in many other organs, including the stomach and the placenta (1, 26). It is thus conceivable that elevations in the serum concentration of a biologically active fragment of gastrin may inhibit endogenous gastrin release secondarily by inducing the release of somatostatin from one of these tissues.
Using a radioimmunoassay that detects pentagastrin as well as gastrin, we have demonstrated varallel increases in both maternal and fetal circulations when pentagastrin is infused into either additional to the hypothesis that gastrin is broken down 3. Barden. N.. Cote. J. P., Lavoie, M., and Dupont, A,: Secretion of somatostatin to pentagastrin which then traverses the placenta to by rat islets of Langerhans and gastric mucosa and a role of pancreatic somatostatin in the regulation of glucagon release. Metabolism 27 (suppl. I), gastric acid secretion in the rat. Paradoxically, the suckling rat 9: 1215 (1978) .
has been reported to be refractory to gastrin-and its analogues due to the absence of specific gastrin receptors during the suckling period (21) . From these studies, it appears quite probable that gastrin may be broken down to form a biologically active fragment which traverses the placenta and influences gastrin homeostasis in the contraplacental circulation.
An alternate hypothesis that we have considered to explain the observation of contraplacental reciprocal gastrin concentrations involves the transplacental passage of somatostatin. Because it is a smaller molecule than gastrin (14 instead of 17 amino acid residues in length), somatostatin may be able to traverse the placenta to inhibit gastrin release in the contraplacental circulation. Of special interest in relation to this possible explanation of our results is the recent cytochemical demonstration of immunoreactive somatostatin present in the cytotrophoblast of the immature human placenta (26) . It is not clear whether the somatostatin demonstrated in placenta was traversing the placenta, synthesized and released by placenta, or present in the placenta as a target organ. Moreover, whether the fetal G-cell is under the control of somatostatin released by the D-cell or acquired transplacentally in late ovine gestation is not known.
The half-life of gastrin in the fetal sheep circulation late in gestation was 13.7 k 1.9 min, a value similar to those in the lamb and ewe, but greater than the half-lives for gastrin in mature subjects of some other species (25) . This observation suggests that the previously reported late gestational fetal hypergastrinemia is not likely to be the result of prolonged fetal half-life. There is suggestive evidence that the elevated gastrin levels at birth may be the result of increased release of gastrin (7). One possible explanation for a late fetal and neonatal hypersecretory state which arises from the results of the present study is that the hypersecretion of gastrin is a manifestation of a derepression response as the fetus escapes from influences present in utero.
The concentration of the putative inhibitors in the fetal circulation would be dependent on the levels of biologically active gastrin and gastrin fragments in the maternal blood in late gestation. In support of this possibility, we earlier reported evidence that tissue gastrin levels are abnormally elevated in the unborn fetuses of rats that had sustained an experimentally induced gastrin deficiency (13) . On the other hand, there is evidence of hyposecretion of acid in several species examined during the period of neonatal hypergastrinemia (8, 17, 21, 26) , suggesting that an open negative feedback loop may also contribute to the elevation of serum gastrin levels at birth.
These investigations failed to demonstrate evidence of the transplacental passage of intact gastrin in either direction across the placenta of sheep in late gestation. There is, however, evidence that pentagastrin or another biologically active fragment of gastrin crosses the placenta. Elevations of serum gastrin on one side of the placenta produced by exogenous gastrin infusion into that circulation are associated with decreases in hormone concentration in the contraplacental circulation. There appears, therefore, to be a reciprocal relationship between maternal and fetal gastrin levels in utero. Of broad importance, these observations indicate that although intact polypeptide hormones may not traverse the placenta, their concentrations in maternal and fetal sera may not be as independent as previously believed.
